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HAZE.FREE BST FILMS 

Reference to Government Contract 
[0001] This iriventipn was made with ^United States Gpyeiiiment support under 
Contract No. DABT63-97-^ by the Advaiiced Research Projects Agency . 

(ARPA)/ The United States Go vemment ha^ . . ; 

**■ ..,- . ■ ' ' • ■ ■ . 

/ Background of the Invention 

Cross Reference to Related Applications 
[0002] This is a divisional of U.S/Patent Apph^^^ 
on October 4, 2001, which is a continuation of Application Serial No. 09/382,753, August 
25, 1999, now U.S. Patent No. 6,319,7^^^^ This case is also related to A,pplication'N^ 
09/971,955, which is a divisionaL of Application No. 09/382,753. ^^^^TO^ related; 
applications are ineorpprated herein by reference and made part of the present Application. 
Field of the Invention 

. [0003] The present invention relates to (Ba,Sr)Ti03 (BST) thin films, and rnore 
particularly to a method for creating a haze-free BST thin film with a high dielectric constant. 
Description of the Related Art 

[0004] (Ba,Sr)Ti03 (BST) films are commonly used as dielectric materials, for 
capacitors, gate dielectrics and high frequency electronic circuits. . More pa^^ 
films have found application as capacitors in dynamic random access memory (DRAM) cells. 
A typical PRAM cell comprises a charge storage capacitor (or cell capacitor) coupled to an 
• access device such as a metal-oxide semiconductor field effect transistor (MQSFET). The 
MGSFET functions to apply or remove charge on the capacitor, thus affecting a logical state 
defined by the stored charge. The arnount of charge stored on the capacitor is determined by 
' - the capacitance, C = B?oA/d, where 8 is th^ dielectric constant of the capacitor dielectric, is 
the vacuurn permittivity, A is the electrode (or storage node) area, and d is the interelectrode 
spacing. The conditions of DRAM operation such as operating voltage, leakage rate and 

refresh -rate, will in general mandate that a certain minimurn charge be stored by the 

*.-'■<'- * . • " ' . 

capacitor. . . . / . ' 

' -"»_-. *' * ' ' 

Micron Ref. No. 98-1055 ' " ' -1^ ' Knobbe, Martens ■ Olson & Bear, L^^ 



' BST is desirable. :M bjecause of its high dielectric 

. , constant, low DG leakage, low dispersion up to high frequencies and sta^ at high 

. - - . ' -' - . ' ' ^. ' •" . 

temperatures. The high dielectric consfant of BST thereby gives the material the ability to . 

/ yield high capacitance when platied bet\veen a pair of electrodes; BST filrns grown for . 

» , . ■ ■' ."■,.*,-' ' ■ ■ . ■ - ■ . • *.■''■ - . , * ■ 

applications ;such as! DRAM /capacitors are typically made using metal-organic chemical 

•;■ ■" ' ■ • ■ -:. ■■. :■ ■■ ^ ■ • .« . ■ : ■ ' ■ ' /. : ' - . . '■ • • - ■ * ■ . • 

vapor deposition. (MOCVp^ or sputtering. However, MOCVP gro^ of pch films 
. typically leads to problems such as haze, which reducesvthe dielectric constant of the material 
and increases leakiage eurre^^ caused by the growth of spatially 

correlated, hpn-textured BSt^ which in turn creates discerni^ pptical scatter and a cloudy or 
hazy appearance in the film. For example^ haze may be created when a film desired to be 
grown in a (100) qrieiitation has orientations :other than (100), siich as (1 10) or (1 1 1), thereby 
disrupting the textiire pf the filrn; When BST is used in a capacitor structure, haze causes its 
. capacitance to decrease as much as 50% a^ leakage currents to increase by a factor of 10 to 
1000 with respect to smooth films..' , " \ / ~ • ; ■ ' . 

[0006] Furthermpre, eleetrpdes and other materials on which BST films are 
deposited often suffer from prpcessrinduced defects such as hillock foimatiori 
severely limit perfprrnance. Hillocks are sihall nodules whicH form wheii^ or : 

other material is deposited ipr subjected to ;pPst-depos^ For example, hillocks 

can result from excessive compressive stress induced by the difference in thermal expansion ' 

' - . ■ . . ' ' ' - . ' '~ ' ■ ' •, " ■ ■ • ' > ■ 

/. coefficient between the BST film^^^^a^ electrode material during post- .^ 

deposition heating: steps/ f Such thermalprpcepsin^ fe^ iri the course of semicoriductor 

fabrication. Hillock foimation may create troughs, breaks, voids and spikes along the 
electrpde surface^ there^ 

Suihmarv of the Invention . ' . - ' 

[0007] Accordingly, it is an object of this invention to produce a haze-free BST^ 

' , . . . ■ ' ■ . " '* ' •" ■ . ' - ,. ' ^ ' - ■ " * 

thin film with a high dielectric constant and low leakage currents. It is also an object of this 

: invention to produce a B$T thin film that has low stress. It is further an object. of this, 
invention to produce an electrode pr other base material onto which a BST filin is deposited 

. that is smooth and hillock- free to improve the properties of the subsequently deposited BST 
film. ■ ^ ■■ . .' •; ' ■ ■ ■. ' 
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[0008] These objects are aphieved generaUy through the coritrol of one or more 
processing conditions in the fabrication of the BST film. Briefly stated, haze can be reduced 
by increasing the BST deposition. temperature, decreasing the deposition rate and increasihg 
the atomic percent of titanium in the BST film. These conditions favor the formation of a 

highly textured film, i.e., a film^^w a substantially uniform desired crystal orientation. 

• . ■' ■ , ' ■ . . ' ' ■ .- ' - '. ■ ■ ' . * 

Furthermore, use of highly textured substrates, bottom electrodes or nucleation layers also 
favors haze-fiee and low stress BST fdms. Moreover, the ahoy e-stated objects are achieved 
by forming ^ substrate layer such as a bottom electrode and the BST film in a clustered tool. 

• [0009] - In bn?/ aspect of the prese^^^ inventipn, a rnethod of forming a haze^fi-ee 
BST .film over a substrate assenil^ly is provided. The rnethod comprises suppiying BST 
sources into a chamber, and inducing textured g^^ of the BST film over the: substrate 
assembly in a substantially uniform desired crystalorie^^ In one preferred'embodiment, 
the BST film is deposited at a rate of less than about 80 A/min a^ 

above about SSO^'C. The BST filpi is preferably grown using metal-organic clieim 

' " . ' ■ ' ' . ■ ' , - ■ , ' ■ . • ' ' ' ■ ' ■ ' 

deposition (MQCVD), and results iii a fjhn having a concentration of about 50 to 53.5 atomic 

. percent .titanium.' • . ^'/'^i/ / V'''-:-" i';*"- - ' • V 

[0010] in another aspect pf the present invention, a substantially haze-free BST 

thin film is provided. The BST thin film has a textured structure with a substantially uniform 

crystal orientation, y . ^ ■ , v . ■ " -■■^ ' / \ 

[0011] ; In another aspect of the present invention, the rnethod of forming the 

substantially haze-free BST film first comprises forming a nucleation k substrate 

assembly. Then, the BST film is formed over the nucleation layer, the BST film being 

formed having a substantially liniforai crystal orientation: In one preferred embodiment, the 

; - . • i . ■ 4 . . 

riucleation layer is Nip, and an orientation layer such as platinum is fornied over the 
nucleation layer before formirig the BST film. The prientation layer preferably has a desired 
crystal oiientatipn to irrduce the same prienfatipn in the subsequently fomied BST film. In 
another preferred ernbodiment, the nucleation layer is made of Ti, Nb or Mn to cprripensate 
for defects in the subsequently formed BST film. ' ... ' • V 

[0012] : In another aspect of the present irivention, a thin film structure is prpvided 
cornprisiiig a nucleation layer arid a BST film over the nucleation layer having a substantially 
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uniform crystal orientation. In one embodinient, an orientatipn layer is preferably provided 
over the nucleation layer .underneath the BST film; In another ^embodiment, the BST filin is 
directly on toj) of tjie nueleationlay^r. . 

[0013] In another aspect of the present invention, a method of forming a BST 
capacitor structure is provided. A first electrode inaterial is formed over a substrate 
assembly, followed by forniing a EST film over the first electrode material. The BST film 
being fomied.has a substantiaUy uniform crystal orientation. A second electrode material is 
then fonned over the BST film. The first electrode material is preferably formed in a vacuum 
at a temperature betweeni about 500 and 550**C, while the BST film is preferably formed at a 
teiiiperaiiire greater than aljpUt 580^'C.^^,v^ BSTl;fiim is preferably deposited in a Vacuuiir 
chamber, with the first electrode material and the BST film fgrmed without a vacuum break 
in between. . ■ . 4:'! V'^'-.l^'! ' "-'1-:. . ' ■ ■ • ' ' ■■' ' ' - ' 

[0014] - In another aspect of the present invention, a capacitor structure is provided 
comprising a base layer, a bottom electrode fpi^ over the base layer, a BST film formed, 
over the bottom electrode, and a top electrode formed oyer the BST film. The BST film has a 
substantially unifprm bri^^ and preferably cpmprises between about 50 and 53.5 

atomic percent titanium. Preferably, a nucleation layer of NiO is prpyided bet\yeen th^ b^^ 
layer, which is preferably , pplysilicon, and the bottorn . electro4e, which is ; preferably 
platinum. A second or alternative, nucleation Jayer may be. provided between the bottom 
electrode and. the JBST film,^^ preferably compirises a material sucji as Ti, Mn or Nb. ; 

, • ' « ' ' , - • V ' ■ '■ • ' " ' •-'<"• ■ ,• ' ; . , -' * . ■ '* > ' ' . ' ' 

. ■ ■ , . ■ - . ' ■ "• • - . . ,■■ " • •■' ' 

: ■ ; . • Brief Description of the Drawings / : , 

. [0015] . ■ HGIJIUE 1 i^ 

[0016]. FIGURE l is a schenia^^^ 
use in a DRAM mem^^ V - / ^ . 

[0017] FIGURE 3 is a schematic view of a MOC VD prPcessiiig c^^^^ used 
to deposit a BST thin film. '.. ; , ; / " - \ ' . ^ * • . " 

. ^ , * - ■ , V ■ . " ' ' , . • ■ « ' t - . • " * ^ ' ' ' . . 

• ' ■' • t ' ' ' • - « * ' ' , l" ■ • ■ 

' ' . . [001 8] FIGURE 4A is a schematic crpss-sectiPrial view of a (100)-:priented BST 
thin film deposited over .a platinum bottom . 
; [0019] FIGURE 4B is a schematic cross-sectional view of a polyerystaUiiie BST 
thin film deposited oVer a platinuin bottom eleetrpde. ■ • ; 
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[0020] FIGURE 5 is schematic crossr sectional view depicting the deposition of 
a BST thin film over a platinum bottom electrode using a nucleation layer of NiO. 
[0021] FIGURE . 6 is. a schematic cross-sectional view de^^ 

. ■ • ■ • -'i . . ' ■ - - ' ■■ ■ . . 

a BST thin film over a platinum bottom electrode using a nucleation layer of Ti, Nb or Mn. 

Detailed Description of the Preferred Embodiments 
[0022] Briefly stated, the objects of the present invention are accomphshed by 
providing methods and apparatus that favor the growth of textured BST films with a 
substantially uniform desired crystal orientation, The preferred embodiments of the present 
invention describe a BST .thin film formed as a capacitor in a DRAM memory cell. 
However, it will be appreciated that the teachings disclosed herein are applicable to aiiy 
method or device where a haze-free BST fihn with high dielebtric constant is desired. As 
used herein^ the term BST can refer not only to (Ba,Sr)Ti03, but also to BaTipj, SrTiOj and 
any modifications to tliese materials through isovalent substitution or the use of donor and 
acceptor dopants. Furthermore, the methods and apparatus taught herein are applicable to 
other materials similar to BST where it is desired to . reduce haze and mmntain a high 
dielectric constant. , V : . 

; [0023] FIGURE 1 illustrates the BST crystal structure. As can be seen, BST has 

*' . " . • '• ■ • "*.'■-' • ' ■ ■ 

a cubic crystal structure, more particularly, a perovskite crystal structure with Ba- and Sr^^ at 

the corners, O^' at the faces and Ti'*^ at the center. The (100) planes of the B§T crystal. 

structure are shaded in FIGURE 1. As described below, the illustrated embodiments , of the 

. present invention provide textured growth of the deposited BST film along (ICQ) planes. 
However, this invention is not to be limited to producing a BST film with only a substantially 
uniform (100) orientation. It will therefore be appreciated that the methods and processing 
conditions described herein are also applicable to producing a BST film with a desired crystal 
orientation along other planes in the {100} family, as well as planes in the {110} , (1 11} and 
other faniilies of planes found in the BST crystal stru^^^^^ 

[0024] FIGURE 2 illustrates a schernatic capacitor structure 10 for use in a 
DRAM memory cell. At the bottoim of the cell 10 is a base layer 12, preferably made of a 

. material such as polysilicon. A bottom electrode or storage node 14 is. formed, preferably by 
chernical vapor deposition, over the base material 12. This bottom electrode is preferably 
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platinum (Pt) or ruthenium (Ru)> Other electrodes, such as Ir, IrO^, RuO^ Pt-Rh, M 
may also be used. A thin fihn 16 of BST is deposited oyer the bottom electrode 14, A top 
electrode or cell electrode 1 8 is preferably deposited by chemicar vapor deposition oyer the 
BST thin film 16, and is prefera^bly made of material similar tb the bottom electrode, such as 
Pt or Ru. In the exemplaiy capaei^^ the bottom electrode 14 is prefesrably 

■grown to a thickness of about 400 A. . The BST film 16 grown over the bottom electrpcje 14. 

■ ■ . - . ,■ ■ .> ■ '. - ■ * ■ . ■ - * . . - ■ '. ... 

preferably has a thickiiess of about 150 to. 300 A. Af the top of the structure 10^ the top 
electrode IS preferably h^^^ . : 

: |0025] Optionally, a barrier layer may be formed between tlie polysi^ baise 
layer 12. and the e^^^ prevent interdiffiision between the layers and ^t^^ formation 

of SiOs on tbp of the electrode surface. ApPft^priMe barrier, layers include TiN/Ti, TiAlN, 
TaSiN, WSiN, and may be formed by chemical vapor deposition or physical vapor 
deposition, as would be kn ' : 

; ■ : [0026] ; The BST film 16 is formed over thd bottom electrode 14 preferably using 
metal-organic chemical yapgr deposition (MOCVD); A schematic MQCVD apparatus 20 is 
illustrated: in FIGURE 3, including a chamber 21 with a substrate assembly 22 located 
therein.: Suitable BST sources, including a>barium source 24, a strontiunii source 26, and a 
titanium source 28, are provided, in^^ as would be known to One skilled in the 

' ■ . • > ' » L i". ' ■ ' i ' . ' * '• . • ' ' . ' ' ' : * ■ ' ' . ' ■ 

art. For exaniple, suitable bariuni and$^^ sources include Ba(THD)2 'and Sr(THp)2, 

. where THD denotes 2,2,6,6Ttetramethyl-3,5-hepta^^ Suitable Ti [ sources include 

,bis(isoprppoxy) bis(2,2,6,6-tetrametliy (Ti(0-i-Pr)2(THI))2). 

These precursors m^ be.^^ tetraglymeJ Solyents u?ed for theses precursors niay 

■■• ,v'?, , \ - u- '^^-r^i^ . ■ ■ ■ '• " .• . ■:^-v''^:.- 

be butyl acetate or tetrahydf afuran^ as would be known to pne skilled in the art. A carrier gas 



33 such as Ar is preferably used to carry vapor fi-om the sources into the reaction chamber 2 
Oxidizer^ 30 and 3^2 and N2O gas, respectively, are preferably used 

(0027] . Deposition of the BST film 16 is preferably conducted in a charnber 21 at 
a pressure of about 100 mtorr to 10 torr. In one preferred ernbodimentj it has been found that 
chamber temperature^ /greater thm about SSO'^C are in reducing haze. For high 

temperature BST processes, dejposition preferably occurs at a chamber temperature \of 
. between; about 600 and 680?G, and a substrate assembly tem^^ of about. 500 to 5 SO^'C. 
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For low temperature B ST processing/ deposition preferably oecu^^ at a chamber temperature 
of between about 400 and SOO'^C, and a substrate temperature of about 350 and 450'^G. The 
. BST film 16 is preferably deposited at a rate of about 10> to 100 A/min, naore preferably less 
than about 80 A/min. 

[0028] The. resulting BST fiUri 16 has a titanium concentration of between about 
50 and 53.5 atomic percent. It has also been found that when titanium concentrations of 
abpuf 50-52 atomic percent yield haze, increasing the titanium concentration to about 52-53. 
atomic percent can reduce haze. The ratio of Ba to Sr in the resulting filrn is preferably 
between about 70/30 to 50/50. 

[0029] FIGURE 4A illustrates a BST film 16 formed over a platinimi electrode 

' ■* ' - * - ' . . ' ' ■ ■ ' ' *■ 

14, The conditions described above preferentially form the BST jfilnl 16 with a substantially 
uniform orientatidri- For example, substantially all of the fiST growth may be with a (100) 

V . '. ■ • ■ . ' ■ ■ , - . ■ . . ■ ■ ■ ■ - \ ' . • - ; • • . ■ . • . ■ ■ 

orientation. In other,^yords, the direction of growth of the BST film 16 as indicated by arrow 
15 is normal to (100) planes in the BST filni. This (100) orientation leads to a more uniform 
grain structure and a snioother surface, thereby producing a textured structure with a less 
cloudy or hazy appearance; By contrast, FIGURE 4B illustrates a BST film 16 which is not 
unifonnly priented. The structure shown in FIGURE 4B is polycryst^lline, with growth 
occurring in more than one direction and thus deviating from the preferred orientation; For 
example, when (100) is the desired orientation, the structure shown in FIGURE 4B may. be 
caused by deviating growth with (1 1 0) or (1 1 1) orientations.; This causes a. more disrupted 
grain structure and an uneven surface, thereby leading to haze. It will be appreciated that 

although the preferred enibodiments describe growth with a substantially uniform (100) 

> . . . ■ , - . , . • . - • . , ■ • . ' . . ■ . •■■ . 

orientation, uniform growth with other oiientations are contemplated as well. 

[003Q] It has been found that the substantiaUy uniform orientation illustrated iii 

FIGURE 4 A is induced by thfe high teniperatures, preferably above about 580**C, used for 

BST deposition, which favors equilibriuin. Moreover, the slow deposition rate used, 

preferably less than about 80. A/min^^ described above, favdrs the formation of a more stable 

film, while the high Ti concentration in the BST produced, preferably between about 50 and 

53.5 atomiQ percent, also favors a more h 

, , ■- ' ^ » • ■ " " . • ' - 
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[0031] As a.modification to th^ 
more nucleation layers either above or below the bottom electrode 14, or both, favors a 
desired direction of ciystal growth: . For example, wh^ the BST thin film . 16 is grown oyer a 
bottom electrode 14 such as Pt, a desired {100} orientation of the BST film can be favored 

by using a thin NiO nucleation layer or similar material. Nonnal growth ofPt over a base 

■ ■ " ' ■ - ■ • - ■ ... ■ . , . * 

material 12 such as silicon is along thfe^ { H I] ^ leads to the problem that 

BST films grown over a Pt electrode 14 .may not be {100} oriented, but rather {.1 11} 

' ■ ■ - ■ ■ . _ ' ■■ . . ■ t . ^ ' ;. . • • - • , ... ., ■ ^ ■ 

oriented.. / i ;'.V •• ^ / ; " ' . -'_.[■".'■'['■ ' ••; 

: [0032] As shown /in FIGUI^ is avoided by depositing , a thin 

layer 34 of NiO over the base material ly induce {100}^priented Pt. NiO may be grown 
by sputtering or metal-organic chemical va^^^^ deposition. The NiO nucleation layer 34 

preferentially induces a highly textured {100} orientation in the Pt layer/14. The Pt layer in 

. • ■ ■ * ■ ■ ■ ■ * - . « - . . ' • i' . ■ . . ■ ■ ' ■ ■ ' 

' turn acts as an orientation layer that induces the same orientation in the subsequently 
deposited BST film 16. Thi? is because both Pt and BST have substantially the sanie lattice 
constant of abpuf 3:9 to 4 A.. Thus, the {100} orientation of t^^^ 14 is preferentially 

transferred to the BST film 16: It is also contemplated that other nucleation or orientation 
layers may be. used to induce growth of: subsequent laybrs with other desired crystal 
orientations: . . ; : J - ' ; • ' ' 

[0033] In another modification to the embodiments described above, haze .can 
also be prevented by providing a thin nucleation layer oyer the . bottom 14. As 

shown in FIGURE 6,: a thin layer 36 of material s^^^^ Nb or Mn is grown over the 
bottom electrode t4- The layer 36 js preferably deposited using a physical vapor deposition . 
technique . such as. sjputtering to a thickness of less than about 50. A. The layer 36 

preferentially induces a more uniform, haze-fi*ee BST fihn 16 by compensating for defects 

■ '\ ■ ■ . ■ ' . ■ . . • ■ . ■-■ - ■ ■• • • ' ■ 

formed in the subsequently deposited BST fil^ More particularly, the nucleation layer 36 

can act as either a donor or acceptor dopant to correct for defects in the BST film. The 

nucleation layer 36 also impacts the nucleation kinetics of the BST film to enable a more 

- * . ■ ■ , ' ' ' '• ', ' , ■ i ' ^ ■ . • ■ * • • ■ ■ 

" - ■ . ■•.*'.'■'' . . , . • 

unifonn growth. V . f , ' . ' - 

. [0034] In another embodinient, the properties of the. BST film formed according 
to the embodiments described a^bove^ e be improved by forming a smoother bottom 
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electrode layer 14, which thereby leads to an improved haze-free BST film. In particular, by 

reducing the number of hillocks and increasing the snioothness of the bottom electrode layer 

• • • . " . .. i ' ' ■ ' ' . ' i • ■ ' ■ . .. , ■ ' ■ .. ■ ■ ■ • 

14, the deposited BST film will expenenee: less stress and have a more uniforai growth. 
Preferably, the smoothness of the bottom electrode 14 is accomplished by depositing the. 
electrode at a high temperature close to that of the BST depositioii. More particularly, it has 
been found that for high temperature BST processing, depositirig the bottom electrode at 
temperatures as high as about 500 to SSO'^C reduces the stress in the subsequently deposited 
BST film. ■ . •■ 



The bottom electrode 14:is also preferably deposited using a clustered 
deposition technique. By this technique, the bottom electrode 14 is deposited under vacuum 
conditions, ^d then the BST filrn 16 is deposited thereover without a vactiiwn break. By 
eliminating the vacuum break and forming both the bottorn electrode and the BST iSlm in a 
clustered tool, it has been observed that the number of hillocks in the bottom electrode 14 is 
reduced, while also reducing the stress in the 1^^ 

[0036] It should be appreciated that the embodiments described above are purely 
exemplary, and various modifications can be made as wpuld be known to ope of skill in the 
art. Accordingly, the scope of the present invention should be defined only by the claims that 
fbllcyw. . 
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